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Title: 



MULTIJAYER SCREEN AND DOWNHOLE 
COMPLETION METHOD 



Field of the Invention 

[0001] The field of .this invention relates to downhole screens, which can be 
expanded into contact (with the formation. 
Background of the Invention 

[00021 Downhole screens are used in a variety of different applications. As part of a 
common procedure called gravel packing, the screens are deposited adjacent the 
producing formation and the surrounding annular space is filled with sand known as 
gravel. Various mbrication techniques have been developed for manufacturing such 
screens and a typical example is illustrated in US Patent 5,611,399. 
[0003] More recently it has been determined that it is desirable to reduce the size of 
the annular space between the screen and the formation. Reduction of the volume of 
the annular space around the screen discourages fluid flow along me screen, which, in 
torn, lessens the production of sand. In order to be able to produce the reservoir 
longer, it has been desirable to insert screens in well bores or laterals and thereafter 
expand them. A good example of the expansion techniques for a downhole screen is 
shown in U.S. Patent 3,012,522. In this patent, overlapping segments of screen are 
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. u nslalive to each other which subjects 

porta* of the filtering material most be moved relative to 

m^mepmoocfioaofsa.L ^mersbom^SOtsoebaesi^ismeUmi.d 
capacity to withstand collapse. 

lMM1 Other pat*,* * •.*.-»—»«« U.S. Patent W - 
5,366,012. 

^^mataobjecfiveo^P^^ooismaUowe^^-^ 
^ to to desired.locadon Mowed by expansion to reduco the voftme of me 
^spaoe^fi*^ Yetan.tberobjectofmemveofiooi.me^d.be 
^ ». formation to entirely eUminate fte annuiar space amund ... Yet 
mo fter objecfive „f fte present ftvenfion is ,0 tdlow fte use of fte sbucmre of fte 
ft^oie even> witboot expansion. Another objeodve of fte pres.*. invenbon 
t0 decrease fte anmun, of stress on fte filfiadon member when sanded. Yet 
^ objecdve of .fte present invention is to pmvide a significant smanger 
„ te fto finfcnrf product, which oven after expansion presents a greater 

k *w nWect of the invention is to provide, , as much as 
resistance to collapse. Another object 01 inc miv 

possible, uniform* m me opening sfce of fte filtration Hyer after fte ass^rbly is 
sanded. Another objective is to pmvide sufficient shengft in fte assemb.,, after 
e^on m afiow it to beder resist diffemndahpreasures. Still another objecdve is to 
^c. fte effort ropured for expansion and m stage fte overaU expansion in discrete 
step, These and other advantages of fte preset invendon wiU be appreciated by 
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those skilled in the art from areview of the description of the preferred embodiment, 

which appears below. ■ 

SUMMARY OF TTTF, INVENTION 

[0006J A downhole completion method and an expandable filtration apparatus are 
disclosed. The filter assembly comprises a plurality of layers beginning with a coated 
perforated base pipe, The coating reduces the force required for expansion. A 
drainage layer overlays the base pipe with the filtration layer above it The drainage 
layer improves flow through the filtration layer and protects it from burrs in the base 
pipe. A filtration enhancement layer fits over the filtration layer and an outer shroud 
protects the assembly during run in. The assembly can be used as made or expanded 
downhole in one or a series of expansions. ' 
BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] Fig. 1 is cutaway view, partly in section; showing the filter assembly. 
[0008] Fig. 2 is a section view along lines 2_2 of Fig. 1. 

[0009] Fig. 3 is a section view of a first step in a multi step expansion* of the filter 
assembly. j 

[00101 Fig. 4 is a section view of a second step in a multi step expansion of the filter 



[00111 Fig. 5 is a comparison performance chart comparing a known filter made by 
Baker Hughes called Excluder and two variations of the filter, of . the present 
invention. 

pmiy rT> rF c^^rr^M nv TRTF. PREFE RRED EMBODIMENT 
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,,012, Refe^rgtoFig. levari™ lay- ofthe pretend embodimerr, are shown. 
Tie tangos, .ayer it a base pipe 10, which has a plurafity.of openings 

12. Base pipe 10 provides a to foundation *r the layers above. The pattern of the 
tol es 12 is optimized to suike the best balanee between eonapse resistanee after 
e^on and miuimizotion of Are force required to expand this !ay H and those 
p 0 s u onedo»tfdeit > aswmbeuesc n *edbe^^ 

in the range of up to abort 30%. The base pipe 10 crm have threads 14 and 16 at 
opposite end, to allow sections of the filter assembly A to be secured together, giving 
grcater tomion and tension stieagttr for the filter assembly A. A coating 18 made 

Whitford Corp. manufircUnes the coating under the name Xy!an 1052.Ulnma.dy, 
when an expander 20 (see Fig, 3) is moved through base pipe 10, Ore coating 18 will 
reduce the required expansion feme. The greater collapse resist of fte base pipe 
It promotes borehole stability after expansion. The optimization of the»pemngs 12 
promotes tire highest expansion rate for a given maUzial for base pipe 10 while still 
leaving sufficient inflow area through Are pipe openings or perforations 12. Using 
round, rorrcded, or oval opening insfcad of slots provides for a mechanic* stionger 
filter assembly A In the preferred embodiment, the coating 18 is Xylan and it can 
provide a reduction in required force for a given expansion by as much as 50%. The 
eoeting 18 also helps resistance to galling by the expander 20 or a subsequent 
expander such as 22 (see Fig. 4). 

[0013] Mounted above the base pipe 10 is a drainage layer. 24. Drainage layer 24 is 
between base pipe 10. and filtration layer 26. Tbe drainage layer 24 promotes flow 
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ostween to Station ^ 26 and to openings « of to base pip, 10. In to 
preferred embodiment, to drainage layer 24 is: a weave, se.ee.ed from a broad ana, 
of motels. A bmided weave design is currently preferred, ..tough otor weave 
^c^beuseo.Tl.epre^^is^anablefir.mJeraevHoseas.a" 304 

SS Braid 600 304B. The drainage layer 14 protee* to filtmtion layer 26 from bma 
orp^^undtoedgesofope^l^toeve^of.ugpdi^a.P^ 

one * predion, to presence of to dminage layer 24 provides struck support 
for to fixation layer 26. The braided wire draioage layer 24 could he substituted 
• ^ a shroud of some type, akin to outer shroud 34, tot would have stendoff iron, 
the base pipe 10, 

,0014] Mounted overito drainage layer 24 is to filiation layer 26. The filtration 

weave. This materia! gives very reliable uniformity to to opening size, after 
expansion, ft, this manner tore ean be confidence in to partide size, which will not 
pass filtration layer 26 while giving jester proton against ptogging o, to passage 
of mo many partielea. As shown in Fig. 1, to filtration layer 26 is oriented at an 
angle to to longtodinal ads of to filter assembly A. This angle can be; in me range 
of about 10 to about 80 degrees with about 20 degrees being preferred. Orienting to 
filtering layer 26 at to angle allows minimization of ehange in opening size and 
uniformity, resulting ,ftom expansion. The Duteh Twin weave provides greater 
durability and particle holding capacity. Negative effects on hole size and uniformity 
as a result of expansion are former minimized by usmg a revose weave.TwUl Duteh 
pattern. A reverse weave is one whe* to diameter of to weft (shute) wires 28 is 
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larg er ton to warp wues 30 by as much as about 50 percent. The combination of to 
.ugular placemen, of ,to fixation layer 26 by a spual winding technique coupled 
with a reverse waava yields a more predictable aud umfonu opening size after 
expansion. 

,00151 Mounted overito filuntion layer 26 is me Station enhancement tayer 32. 
•phis uyer promotes greater flow «mductivit, flom to ottamost layer, to outer 
sto „d34.I JV ar32ac BM ac„ m sofll«=rtelayer26 a K i p ro lou g sto 1 i f eofffl tt atiou 

lay er 26. This cnn be seen in to gmph of Fig.,5, where to addition of to Station 
euhancemen. layer is curve 36. The same filter assembly A of to present invention 
but without to filtration enhancement layer 32 is illustrated by curve 38. Curve 40 
,he perfonnance of a known product made by Baker Hughes called 
Excluder. Fig. 5 readily demonstiates tot to addition of to filtration enhancement 
layer 32 nearly triples the time it takes to build up a backpressure of 40 PSIG for to 
same flow conditions: Leaving out the filtrate enhancement layer 32 also makes 
tot version of to present invention perform somewhat comparably to to known 
Excluder design. Several different weave types are suitable for layer 32 such as: 
square weave, Compound Balanced, Tight Tuck, and Braided Weave,. A suitable 
Compound Balanced material is available fiom Porous Metal Produdts, model f 
CB 3 96 192_21/24. . A metallic material is preferred. 

[00161 The outer shroud 34 is preferably formed from spirally windings perforated 
sheet into a tube. The hole size and pattern is optimized to facilitate expansion and yet 
provide sufficient collapse resistance in the expanded state. It is desired to have the 
inflow area of the openings maximized but to limit the openmg size and use a 
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^ger*. pattern so that the outer shroud wilt no. huckle or tear, when expand*. The 
pHmary prupose of the outer shroud 34 is to protect the layer helow from damage 
during run in. 

100171 Ute layers can be joined together h, swaging to reduee the outside diameter 
offhe filler assembly A. Swaging also makes the various layers act as one with regard 
to expansion and pmvides greater strength against collapse after expansion. It is 
prefened tt> anneal the components individually before swaging or to anneal the 
Station assembly A after all the eomponents have been assembled. Doing fins 
pennits a gmater degree of expansion without finlure. Ibis benefit is partioularly 
appUcable to the base pipe 10. lie type of angeling envisioned is solution annealing 
» 1800 degrees F. Annealing of the base pipe 10 is done before applying the coating 
18 due to the inability of the coating 18 to withstand the annealing temperatures. 
Sintenng can be used, instead of swaging to join the layers together. Tne laye* are 
preferably assembled in the Mowing manner, the braided wire of suitable drainage 
layer 24 is placed on the base pipe 10 which has previously been drilled with holes, 
oated and threaded. lien, the filtration layer 26 is wmpped at an angle over the top 
of the drainage layer 24. /mother layer, called the filtration enhancement layer 32 is 
ptacod over the top of the filtmfion layer 26. Tuen, an outer shroud 34 is placed over 
the filtration enhancement layer 32 and the total package is run through a set of dies 
that swages or forces all components to vigorously contact each other. . 
10018] The filter assembly A has the advantage** superior performance, whether it is 
expanded downhole ot not. If it is not expanded, it can be gravel packed in the known 
r. Figs. 3 and 4 illustrate a unique step.wise expansion technique. In a first 



manner. 
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m , an expander 20 which may be a fixed cone or a eene with variable diameter is 
n „ved downward., through fire filter assembly. A to aehieve aboot a .5% expansion. 
At the lower end of me filler assembly A a cone latch 42 engages a fixed or variable 
diamaer expander or none 22 to increase the overall expansion to as much as 50%. 
M^Mt. expansion stops cm be nsed and differ^ degr«s of 
^wise expansion and overt expmsion con be obtained with this techniqoe. It 
stonld be noted tot me second expansion does not necessarily have to proceed in a 
direction opposite the first expansion. 

[00,,, He*, .re many applications of the filter assembly of the present invention. In 
horbnntol open hole completions there are usaally more than 1,000 feet of contact 
with the prodnctive formation, sometimes in excess of 9,000'. Because there is so 
m* contact tire amonnt of prodnction per foot is very low. In most, cases if the 
theoretical production per toot was traveling into a screen direcfly opposite of the 
nation then the velocity wonld be too low to transport sand fiom unconsolidated 
fennafions or cause emsion H» are many wells in which erosion is. taking place 
andsandisbehrgproduced. Presently there are a couple of theories that explain this 
<Kamax . Ftetthe formations may be so unconsolidated tot they simply fidl apart 
when the pressme in the well bore used to contiol the well during Idrifiing and 
completing the well is removed. ThisisrefertedtoashoIeotfomtationcoUapse. A 
second possibility is tot fluid flows along to path of least resistance. Ihis may be 
on the inside of a screen that is in place or along to outside. As the flow proceeds 
.owanls to beginning of to open hole section, to accumulative effects of 
production means to^elocity is mud. higher towards to top section (beginning) of 
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ft eope n hol..™sv«oc i «y(aco» m u 1 a««i fl o W )« 0 b e Ugh enough ontoo^ideof 

(he screen to nansporUand and to erode the formation and screen. 

1002.1 By expanding «« in an open hole horizon*! weU the annnlns between the 

^.ndthefonnatibncanbegreaflyrednccdorevena 

^r^g^erresistancntoflowandm^^ 

a.eexterioroftoscremandmcreasrfonni.taterior. H» reduction in exterior flow 
means lower velocities near the wen bore end therefor, leas sand transportability and 
less erosion effects, s 

(00211 Expansion can also aid in formation stability by physically supporting the 
formation if the screen is expanded until it is touching the formation. This support in 
turn could prevent foe.coUapsing of the formation when the pressure in the well bore 
is reduced. 

• [0022] In cased hole apptications filtration assembly A offers the advantage of a large 
inside diameter for remedial work below its installation. Another advantage is that in 
fiac packs and gravel packs all that is necessary to do is to place the proppant or sand 
in the perforation tunnels and formation fractures. War packs between the screen 
and the easing, which are often difficult to achieve, are not necessary since expanding 
screen removes tHsannulus. The filter apparatus A could also be used in conjunction 
with a frac pack or gravel pack and subsequently expanded to back till any voids in 
the annulus I pack or perforations not filled. 
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We claim: 

1. An expandable filter assembly for downhole use, comprising: 

a base, pipe having an inside surface, a longitudinal laxis, and a 
plurality of openings; 

at least one filtration layer mounted over said base pipe, said layers 
each being annealed to facilitate subsequent expansion downhole. 

2. The assembly of claim 1, wherein: 

said filtration layer and said base pipe are individually annealed prior 
to being joined together. 

3. The assembly of claim 1, wherein: : 

said filtration layer and said base pipe are annealed after being joined 

together. 

4. The assembly of claim 1, wherein: : 

said filtration layer and said base layer are swaged together and said 
annealing further comprises solution annealing at up to about 1800 
degrees F. 

5. The assembly of claim 1, wherein: 

said inside surface of said base pipe is coated to reduce the force 

neededifor subsequent expansion. 

6. The assembly of claim 5, further comprising: 

an expander capable of multi-stage expansion of said base pipe and 

said filtration layer. 

7. The assembly of claim 6, wherein: 
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said staged expansion occurs in a single direction. 

8. The assembly of claim 6, wherein: 

said staged expansion occurs in opposed directions. 

9. The assembly of claim 6, wherein: s 

^ db ^pipei S e I ^ndedm S ttg»«ptoabo»l30%«bov e teorie M l 

dimension. 
10. The assembly of claim 6, wherein: : 

^filtering layer comprises a weave having weft and warp wires and 
one of said weft and warp wires is disposed at an angle of 
abon. 10-80 degrees wflh respect to the longitadinal ard*of said base 
pipe. > 

11. The assembly of claim 10, wherein: i 

said weft wires have a larger diameter than said warp wires by as 

much as about 50%. 

12. The assembly of claim 10,wherein: i 

said at least one filtration layer further comprises a woven drainage 

protecting said main filtration layer from burrs in openings in said base 
pipe andprovidingmechanical support for said main filtration layer. 

13. The assembly of claim 12, further comprising: 

a filtration enhancement layer mounted over said main filtration layer 
and further comprising a weave/said drainage layer and said filtration 
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enhancement layer are spirally wound to orient wires therein in 
substantial alignment with said wires in said main filtration layer. 

14, The assembly of claim 10, wherein: i 

said openings in said base pipe are round, rounded or oval. 

; use, comprising: 



15. An 

a base, pipe having an inside surface, a longitudinal , axis, and a 
plurality of openings; 

at least one filtration layer mounted over said base pipe, 
• said inside surface of said base pipe is coated to reduce the force 
neededifor subsequent expansion. 

16. The assembly of claim 15, wherein: I 

said coating is made of a plastic material and said openings are round, 

rounded or oval. 

17. The assembly of claim 15,further comprising: 

an expander capable of multi-stage expansion of said base pipe and 

said filtration layer. 

18. The assembly of claim 17, wherein: i 

said filtering layer comprises a weave having weft and warp wires and 
wherein one of said weft and warp wires is disposed at an angle of 
about 10-80 degrees with respect to the longitudinal axis:of said base 
pipe. ' 

19. The assembly of claim 18, wherein: > 
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said layers 



each being annealed to facilitate subsequent expansion 



downhole; 

m filtration layer and said baa, layer are swaged together and aaid 
mx ^ g fWher comprises solution anneanng at op «o aboot "» 
degrees F. 



20. An expandable filter assembly for downhole nse, compnsrng. 

a base, pipe baving an inside .surface, a longitudinal .axis, and a 
plurality of openings; 

atleastmeffltrafionlayermonntedoversaidbasepipe;^ 

an expander capable of multi-sfcge expansion of said base pipe and 

said filtration layer. 

21 The assembly »f claim 20, wherein: i 

aaidbaseplpeisexprmdedms^esuptoabomSO./. above its original 

dimension. 

22. The assembly of claim 20, wherein: i 

said layers each being annealed to facilitate subsequent expansion 

downhole; 

aaid fitation layer and said base layer ate swaged together and said 
annealing further comprise, solution annealing at np to about 1800 
degrees F. 

23. The assembly of claim 22, wherein: s 
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said filtering layer comprises a weave having weft and warp wires and 
wherein one of said weft and warp wires is disposed at an angle of 
about 10-80 degrees with respect to the longitudinal axis.of said base 

pipe, i 

24. An expandable filter assembly for downholeuse, comprising: 

• a base, pipe having an inside .surface, a longitudinal .axis, and a 
plurality of openings; 

at least one filtration layer mounted over said base pipe, 
said filtering layer comprises a weave having weft and warp wires and 
wherein one of said weft and warp wires is disposed at an angle of 
about 10-80 degrees with respect to the longitudinal axi*of said base 
pipe, i 

25. The assembly of claim 24, wherein: I 

said weft wires have a larger diameter than said warp wires by as 

much as about 50%. 



14 



\VO 02/2300? 



PCTAJS01/27581 




PCTAJS01/27581 




i 



PCTAJS01/27581 



WO 02/23009 

3/6 




WO 02/23009 



PCMJS01/27581 



416 




CD 



PCT/USOJ/27581 




PCTAJS01/27581 

WO 02/23009 



616 




This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

(^P BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



